ABSTRACT Objective: To chart emergency department (ED) attendance and acute admission following a devastating earthquake in 2011 which lead to Canterbury's rapidly accelerated integrated health system transformations.
Main outcome measures: De-seasoned standardised population ED attendance and acute admission rates overall, and stratified by age and sex, compared before and after the earthquake.
Results: Analyses revealed five global patterns: (1) postearthquake, there was a sudden and persisting decrease in the proportion of the population attending the ED; (2) the growth rate of ED attendances per head of population did not change between the preearthquake and postearthquake periods; (3) postearthquake, there was a sudden and persisting decrease in the proportion of the population admitted to hospital; (4) the growth rate of hospital admissions per head of the population declined between preearthquake and postearthquake periods and (5) the most dramatic reduction in hospital admissions growth after the earthquake occurred among those aged 65+ years. Extrapolating from the projected and fitted deseasoned rates for December 2014, ∼676 (16.8%) of 4035 projected hospital admissions were avoided.
INTRODUCTION
Acute admissions from emergency departments (EDs) are costly and often preventable, yet they have been rapidly growing in many countries.
1-3 A continuing unabated increase in acute admissions potentially threatens the safe delivery of national public health services. 1 4 5 In the UK, a series of publications concerned about the effect of rising hospital admissions have characterised hospitals as being 'on the edge', 6 that admissions are 'out of control', 7 and that an
Strengths and limitations of this study
▪ This is the first general population study that sought to provide a longitudinal assessment of emergency department attendance and acute admission rate changes following a rapid healthcare system reorientation. ▪ Novel interrupted time series analyses, modelled using Bayesian change-point methods, were employed to investigate sudden and long-term changes in attendance and admission rates prior to and following a devastating earthquake. ▪ By itself, a limitation of this natural intervention experiment analysis is the potential difficulty in separating effect attribution due to the earthquake, the system reorientation or other drivers. ▪ The geographically localised perimeter of this study, together with its focus on only two key variables, may fail to capture the full scope of population health seeking behaviour changes resulting from the integrated health system reorientation and may limit its generalisability to other jurisdictions.
urgent 'call to action' 8 is needed. While these publications are perhaps provocative, 'business as usual' models of healthcare delivery will not be viable in the future. Similar sustainability concerns have been raised in New Zealand, 5 9 and a reorientation of the country's healthcare systems called for-although it is recognised that there is no one panacea. 10 Disease prevention is seen as a key solution, as is harnessing technological, social and other innovations. 8 Proactive management of people with long-term conditions, together with multiple coordinated strategies underpinned by an integrated information system have also been mooted as among the key strategies to reduce ED demand. 11 12 However, there is mounting recognition and consensus that integrated, cross-sector solutions are fundamental in redressing the sustainability issues plaguing our health systems, 5 8 10 11 13 although their direct effects on hospital admission rates is not yet understood. 14 The Canterbury District Health Board (CDHB)-the organisation charged with planning, managing, providing and purchasing health services to meet the needs of the population within the greater Christchurch regionin 2008 began implementing a significant transformation to integrated services. 5 Among the primary motivations for this rescoping was to decrease fragmentation of services, dismantle professional silos, reduce escalating and unsustainable clinical and resource pressures on the Canterbury health system, ensure services were arranged more effectively and efficiently, and ultimately, to improve the health of its population. 5 The vision for the integrated health system centred around enabling people to stay in their own homes, with an interconnected structure supporting them to live well and take greater responsibility for their own health; figure 1. It focused on integrating primary healthcare and other community sectors in managing patients. 5 13 This wholesystem approach was supported by several key service model enablers, including the Acute Demand Management Service (ADMS, a hospital avoidance programme) and the Community Rehabilitation Enhancement Support Team (CREST, a wrap-around, home-based rehabilitation programme), and system enablers, including 'HealthPathways' and the Canterbury Initiative ( primary care doctors and hospitalbased specialists developing and agreeing to primary care management and referral pathways). 5 15 ADMS is founded on primary care doctors managing patients in their own homes and communities where it is safe to do so. 5 13 Primary care teams, supported by mobile acute nursing services, community observation beds and rapid diagnostic services, are enabled to 'do whatever it takes'. 15 16 'HealthPathways' provides guidance to primary care teams and includes system-wide agreed ambulance diversion protocols for patients to be managed in primary care practice or urgent care centres including a 24 h surgery where appropriate.
On Tuesday, 22 February 2011, at 1251 h New Zealand Standard Time, a shallow violent 6.3 Mw earthquake with epicentre 10 km southeast of Christchurch struck. 17 18 Damage and destruction was extensive; 17 19 a state of national emergency declared, 20 and 185 deaths and over 6500 injuries resulted. 18 21 Immediately after the earthquake there was considerable burden placed on Christchurch's seven hospitals. However, Christchurch Hospital is the only acute hospital within the region that has an ED, an intensive care unit, and a full range of tertiary hospital surgical and medical services. 22 It was partially compromised by earthquake damage, and several non-acute hospitals temporarily provided emergency care. 18 Damage to roads, bridges and other infrastructure isolated the east of the city from Christchurch Hospital, leaving primary care practitioners in these suburbs to manage many casualties. 18 Earthquake damage resulted in the loss of 106 acute hospital beds, 635 aged residential care beds, 19 community pharmacies, five primary care practices, and displaced many small non-governmental organisations from the central city. Owing to the infrastructure damage and medical demands in the ensuing weeks and months following the earthquake, it was both necessary and an opportunity for the CDHB to accelerate transformational changes and implement new initiatives. One major strategy included the escalation of ADMS, with a deliberate intent in reducing ED attendances and hospital admissions. 5 23 This descriptive epidemiological study assessed the impact of an integrated health system on ED attendances and acute admissions at Christchurch Hospital, New Zealand, before and after a major earthquake.
METHODS
Using routinely collected data between 2008 and 2014, we compared acute admission rates following Christchurch Hospital's ED attendances before and after the earthquake with data from Waitemata DHB (WDHB) and Auckland DHB (ADHB) that serve the population of greater Auckland. WDHB and ADHB are in the North Island of New Zealand and were geologically unaffected by the earthquake. The WDHB was selected because it has a demographically similar population to that of the CDHB, but it does not have a tertiary hospital. ADHB was chosen because it does have such a hospital.
Design
An interrupted time series design, modelling using Bayesian change-point methods, of ED attendance and acute admission rates over the 2008-2014 period.
Target population
All patient ED attendances and acute admissions within the CDHB; with comparison to patients within the WDHB and ADHB jurisdictions.
Procedure
Monthly aggregated and anonymised ED attendance and admission volume data were provided from CDHB, WDHB and ADHB regions over the 2008-2014 period. These data were stratified by sex (male, female) and age groupings (each spanning 5 years). Similarly, stratified annual population projections were obtained from Statistics New Zealand for these DHBs. 24 Following the 2013 Census, the 2013 and 2014 annual population projections were amended, accounting for evacuations and movement.
Patient involvement
No patients were involved in setting the research question or the outcome measures, nor were they involved in the design and implementation of the study. There are no plans to involve patients in dissemination.
Statistical analyses
Utilising the annualised population projections, standardised monthly attendance and admission rates ( per 1000 people) were calculated. Scatter plots and superimposed lowess curves (non-parametric mean estimate function) were used to ascertain patterns. Time series analysis of the CDHB data employed Bayesian methods, in which series were partitioned into constant, trend and seasonal components; together with allowing for a disconnected change-point mechanism to account for any significant interruption caused by the earthquake. 25 Seasonal adjustment was modelled by assigning a categorical indicator variable for each month. A disconnected change-point model allows for a piecewise mean and slope shift within the time series to be statistically detected and assigned. Separate models were run for attendance and admission rate series (where the change point was estimated from the data and compared to the actual earthquake date), and for these data partitioned by sex and age groups (where the change point was set to the earthquake date). Here, monthly data were assigned an integer value from 1 ( January 2008) to 84 (December 2014). Standardised rates were assumed to be normally distributed. Non-informative priors were employed and Markov chain Monte Carlo methods utilised two parallel chains, each with simulation size n=100 000 after a burn-in period of 5000 iterations. The Gelman-Rubin statistic and visual plots were used to assess model convergence and stability; and residual distribution and autocorrelation checks were conducted. In comparing rates, posterior probabilities ( pp) were employed. Estimated pp<0.025 and pp>0.975 were deemed to be statistically significant, and 95% credible regions (CRs) were derived by using the 2.5 and 97.5 centiles of the posterior distribution. A pp>0.975 implies that the pre-earthquake rate was importantly higher than the postearthquake rate; pp<0.025 implies that the pre-earthquake rate was importantly lower than the postearthquake rate; and 0.025≤pp≤0.975 implies that there was no important change in rates between periods. All statistical analyses were conducted in WinBUGS V.1.4.3, 26 and graphs were drawn in Stata V.14.1 (StataCorp, College Station, USA).
RESULTS

Demographics
Over the study period, the estimated CDHB population increased by 19 100 (3.9%) people; substantially less than that estimated for the WDHB and ADHB jurisdictions of 41 730 (8.0%) and 31 450 (7.2%) people, respectively ( Within the CDHB region, small but important demographic shifts in the distribution of sex and age distributions was discernible over time-with relatively more male residents and adults aged 65+ years, and relatively fewer children aged 0-14 years. Figure 2 presents scatter plots of observed standardised monthly ED attendance rates and acute admission rates per 1000 people, together with superimposed lowess curves for the three DHBs. Unlike that observed within the WDHB and ADHB jurisdictions, a clear interrupted pattern change is visible in the scatterplot distribution and superimposed lowess curves before and after the 22 February 2011 earthquake (denoted by the vertical line) for ED attendance and acute admission rates within the CDHB.
ED attendance rates
Analysis of the observed CDHB standardised monthly ED attendance rates revealed significant intercept, trend and monthly seasonal components (figure 3). A change point was detected at study period month 38.4 (95% CR 37.2-39.0). This CR includes the value 38.8 which corresponds to 22 February 2011-the date of the earthquake. At the detected change point, the estimated deseasoned ED monthly attendance rate fell from 14.7/ 1000 people to 12.7, a decrease that was significant ( pp>0.999) and dramatic (table 3) . Also notable in table 3 is the lack of change in the deseasoned growth rate in ED attendances between the pre-earthquake and postearthquake periods ( pp=0.36). These patterns, together with expected postearthquake ED attendance rates extrapolated from pre-earthquake estimates, are also illustrated in figure 3 . Residual analyses revealed one outlying observation (February 2011), a unimodal but skewed distribution (Shapiro-Wilk's test, p=0.003), and evidence of positive autocorrelation (Durbin-Watson d-statistic=1.12). No other issues were noted. Fixing the change point to 38.8 and partitioning the data by sex, the Bayesian model yielded estimates of deseasoned rates of ED attendances at the change point that significantly decreased for females and males (table 3) . However, there was no significant difference in the monthly increase in deseasoned attendance rates between pre-earthquake and postearthquake periods for either sex. When comparing males and females at the change point, males had significantly higher rates of ED attendance than females pre-earthquake ( pp>0.999) and postearthquake ( pp>0.999). However, the monthly increase in attendance rates was not significantly different between females and males either in the period before ( pp=0.89) or after ( pp=0.78) the February earthquake. Repeating the Bayesian analyses on ED attendance data partitioned by age groups yielded generally similar findings. Significant decreases in the deseasoned ED attendances rates were seen across all age groups at the time of the earthquake (all pp>0.999). Deseasoned monthly increases in ED attendance rates for the 0-14, 35-64 and 65+ years age groups did not significantly change between pre-earthquake and postearthquake periods. However, for the 15-34 years age group, a significant rise in this rate was observed in the postearthquake period compared with the preearthquake period (table 3) .
Hospital admissions rates
Significant intercept, trend and monthly seasonal components were also evident in the analysis of the observed CDHB standardised monthly acute hospital admissions rates (figure 4). For this series, a change point was detected at study period month 38.2 (95% CR 37.1-39.0), with the CR again overlapping with the earthquake date. At this detected change point, the estimated deseasoned monthly acute admissions rate significantly fell from 6.59/1000 people to 5.83, pp>0.999. However, unlike that seen for ED attendances, an apparent change in deseasoned rates of change in hospital admissions between the pre-earthquake and postearthquake periods was also observed (see figure 4) . Prior to the change point, the deseasoned rates of acute admissions increased by an estimated 0.026/1000 people per month, whereas after the change point the estimated increase was estimated at 0.014, pp=0.998 (table 4) Again, assigning the change point to 38.8 and partitioning by sex, estimates of the deseasoned rate of hospital admissions at the change point significantly fell for females and males (table 4). Between pre-earthquake and postearthquake periods, there was a non-significant fall in the monthly increase in deseasoned admission rate estimate for females ( pp=0.959) but a significant fall for males ( pp>0.999)-with estimated increases less than half that after the earthquake than in the period before. When comparing males and females at the change point, males had significantly higher rates of hospital admission than females prior to the earthquake ( pp=0.992) and after the earthquake ( pp>0.999). However, the monthly increase in admission rates was not significantly different between females and males before ( pp=0.42) or after ( pp=0.940) the earthquake. Table 4 also presents results stratified by age groups. A notable feature of these results is a significant decrease in the deseasoned admission rates at the change point ( pp>0.999) and the monthly increase in rates before and after the change point ( pp=0.992) of those aged 65+ years. For the 15-34 years and 35-64 Table 3 Estimated deseasoned ED attendance rates per 1000 people prior to and post the change point, together with the estimated monthly increase in deseasoned ED attendance rates per 1000 people in the periods prior to and post the change point for the CDHB population in total and stratified by sex and age groups over the 2008-
period
Deseasoned ED attendance rates at change point years age groups, there was a significant decrease in the deseasoned rate of admissions at the change point (both pp>0.999), but no significant change in monthly increases of deseasoned admission rates between preearthquake and postearthquake periods ( pp=0.78 and 0.83, respectively). Finally, for the 0-14 years age group, no significant change was noted; although the estimated monthly increase in deseasoned admission rates for the postearthquake period was less than half that in the preearthquake period.
DISCUSSION
Our interpreted time series analysis demonstrated that the rapidly accelerated integrated Canterbury health system transformation strategy after the earthquake significantly lowered the level and the growth rate of acute admissions. These important shifts have significant resource implications. Looking at hospital admissions for December 2014 alone, the difference between projected and fitted rates per 1000 people is 1.31. Upscaling, this equates to ∼676 (16.8%) admissions avoided from 4035 projected for that month. Prior to the earthquake, the community ADMS received ∼14 000 referrals per annum. However, the infrastructure damage and constraints imposed by the earthquake resulted in a rapid escalation of this service, which now receives around 30 000 referrals per annum.
The most dramatic reduction in acute admissions growth after the earthquake occurred among those aged 65+ years. Accelerated population ageing, coupled with the resultant increase in age-related chronic diseases, has been opined as being among the most pressing challenges of all modern health systems worldwide, 8 12 including New Zealand. 10 27 As such, Canterbury's integrated health system model, which embodies community inventions including ADMS, CREST, the Medication Management Service (engaging community pharmacists to actively review medications) and the Community Falls Prevention programme, targeted older adults. 5 Unlike hospital avoidance programmes elsewhere, 28 this targeting has been successful. For example, among those aged 75+ years, the Community Falls Prevention programme has been attributed with 1076 fewer ED attendances due to falls, 386 fewer femoral neck fracture operations, 86 fewer deaths 180 days postdischarge, and 25 fewer people in hospital each day as a result of a fracture since February 2012. Should these decreased levels persist, and be generalisable to other health jurisdictions, then the case for the integrated health system model is further enhanced. 5 13 ED attendance rates were also significantly influenced by the Canterbury health system's whole-system community-focused approach. While the overall ED attendance growth rate did not change between preearthquake and postearthquake periods, this represents a positive and important finding. If a 'business as usual' approach was adopted, growth in the postearthquake Table 4 Estimated deseasoned hospital admissions rates per 1000 people prior to and post the change point, together with the estimated monthly increase in deseasoned hospital admission rates per 1000 people in the periods prior to and post the change point for the CDHB population in total and stratified by sex and age period could have been expected to accelerate, compensating for the sudden drop. But this did not happen. The sustained rate fall, together with the unchanged monthly postearthquake growth rate, represents a significant resource saving relative to pre-earthquake expectations. However, a significant increase in ED attendances growth was observed in one subgroup, those aged 15-34 years; a likely consequence of worker immigration, arriving for the Christchurch rebuilding programme. 24 It will be of interest to observe this pattern in the future, once the rebuild programme wanes.
Strengths and limitations of this study
While this study has salient strengths, including the analysis of comprehensive, contemporaneous and accurate hospital data using apposite Bayesian methods, it also has its limitations. In terms of the statistical models, positive autocorrelation was observed between residuals, and some evidence was found to question the normal distribution assumption of ED attendance rates. Such assumption violations may introduce biases into mean and variance estimates; although in this case, such biases are likely to be relatively modest. Sensitivity analysis that removed the most extreme outlying ED attendance rate observation found little change in parameter estimates, and high overlap of respective 95% CRs (data not show). Population estimates are produced annually by Statistics New Zealand to inform population-based funding for the country's 20 DHBs. However, these estimates lag behind rapid population changes, such as that associated with the Christchurch rebuild workforce, potentially significantly undercounting population or subpopulation numbers. Such undercounting results in rate inflation and may serve to underestimate the true rate reductions observed in the postearthquake period. ED attendances and acute admissions are but two related indicators of Canterbury's whole-system approach, and a fuller suite of indicators should be appraised before more substantial claims of the success of the approach can be made. The sustained decrease in ED attendances and the reduced hospital admission growth rate points to a successful admission avoidance/ acute demand management effort, rather than an unmeasured population effect. However, unmeasured population effects cannot be entirely dismissed. Indeed, the acute admission rates for the ADHB flattened over the 2009-2012 period (figure 2). Although this is likely to have resulted from new and improved ED facilities in neighbouring WDHB, 29 the northern DHBs working more closely together, 29 and ADHB's drive to reduce admissions. 30 Moreover, the baseline acute admission rate was significantly higher in Auckland than Canterbury, although differing data definitions and coding approaches between the DHBs exist, making direct comparisons difficult. The fact that hospitals admission rates decreased most for the target group of older adults further reduces the likelihood of an unmeasured population effect. The possibility that improved pathways could have resulted in increasing direct admissions to the ward without an ED stay was explored, however, little difference was found. Furthermore, it might be opined that the observed attendance and admission decrease may be, at least partially, a lingering consequence of the earthquake rather than the integrated health service changes. Analysis of data from an extended study period, together with further studies directly capturing staff and patient perceptions and behaviour changes would be required to disentangle these effects. Finally, the analyses are defined for the 2008-2014 period, and the findings should not be extrapolated outside this range.
Conclusions
'Are hospital admissions out of control?' 7 There are many reasons why they might be and, if left uncurbed, will only get worse. 4 Integrated healthcare systems with high quality out-of-hospital care could be part of the solution; 1 2 4 13 a view championed and implemented within the Canterbury health system. 5 Using a methodologically novel approach and a rapidly transformed health system, initiated by a devastating earthquake, our findings unequivocally support this position.
